VII. Signal Enhancement By Tailing Of Reaction Products In The Invader™- 
Directed Cleavage Assay 

It has been determined that when oligonucleotide probes are used in cleavage 
detection assays at elevated temperature, some fraction of the truncated probes will 
have been shortened by nonspecific thermal degradation, and that such breakage 
products can make the analysis of the target-specific cleavage data more difficult. 
Background cleavage such as this can, when not resolved from specific cleavage 
products, reduce the accuracy of quantitation of target nucleic acids based on the 
amount of accumulated product in a set timeframe. One means of distinguishing the 
specific from the nonspecific products is disclosed above, and is based on partitioning 
the products of these reactions by differences in the net charges carried by the different 
molecular species in the reaction. As was noted in that discussion, the thermal 
breakage products usually retain 3' phosphates after breakage, while the 
enzyme-cleaved products do not. The two negative charges on the phosphate facilitate 
charge-based partition of the products* 

The absence of a 3' phosphate on the desired subset of the probe fragments 
may be used to advantage in enzymatic assays as well. Nucleic acid polymerases, both 
non-templated (e.g., terminal deoxynucleotidyl transferase, polyA polymerase) and 
template-dependent (e.g., Pol I-type DNA polymerases), require an available 3' 
hydroxyl by which to attach further nucleotides. This enzymatic selection of 3' end 
structure may be used as an effective means of partitioning specific from non-specific 
products. 

In addition to the benefits of the partitioning described above, the addition of 
nucleotides to the end of the specific product of an invader-specific cleavage offers an 
opportunity to either add label to the products, to add capturable tails to facilitate 
solid-support based readout systems, or to do both of these things at the same time. 
Some possible embodiments of this concept are illustrated in Figure 67. 

In Figure 67, an Invader™ cleavage struture comprising an Invader™ 
oligonuclotide containing a blocked or non-extendible 3' end (e.g., a V 
dideoxynucleotide) and a probe oligonucleotide containing a blocked or non-extendable 
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3 5 end (the open circle at the 3' end of the oligonucleotides represents a non- 
extendible nucleotide) and a target nucleic acid is shown; the probe oligonucleotide 
may contain a 5' end label such as a biotin or a fluorescein (indicated by the stars) 
label (cleavage structures which employ a 5 5 biotin-labeled probe or a 5' fluorescein- 
labeled probe are shown below the large diagram of the cleavage structure to the left 
and the right, respectively). Following, cleavage of the probe (the site of cleavage is 
indicated by the large arrowhead), the cleaved biotin-labeled probe is extended using a 
template-independent polymerase {e.g., TdT) and fluoresceinated nucleotide 
triphosphates. The fluorescein tailed cleaved probe molecule is then captured by 
binding via its 5' biotin label to streptavidin and the fluroescence is then measured. 
Alternatively, following, cleavage of a S'-fluoresceinated probe, the cleaved probe is 
extended using a template-independent polymerase {e.g., TdT) and dATP. The 
polyadenylated (A-tailed) cleaved probe molecule is then captured by binding via the 
polyA tail to oligo dT attached to a solid support. 

The examples described in Figure 66 are based on the use of TdT to tail the 
specific products of Invader™-directed cleavage. The description of the use of this 
particular enzyme is presented by way of example and is not intended as a limitation 
(indeed, when probe oligos comprising RNA are employed, cleaved RNA probes may 
be extended using polyA polymerase). It is contemplated that an assay of this type 
could be configured to use a template-dependent polymerase, as described above. 
While this would require the presence of a suitable copy template distinct from the 
target nucleic acid, on which the truncated oligonucleotide could prime synthesis, it 
can be envisaged that a probe which before cleavage would be unextendible, due to 
either mismatch or modification of the 3 5 end, could be activated as a primer when 
cleaved by an invader directed cleavage. A template directed tailing reaction also has 
the advantage of allowing greater selection and control of the nucleotides incorporated. 

The use of nontemplated tailing does not require the presence of any additional 
nucleic acids in the detection reaction, avoiding one step of assay development and 
troubleshooting. In addition, the use of non templated synthesis eliminated the step of 
hybridization, potentially speeding up the assay. Furthermore, the TdT enzyme is fast, 
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able to add at least >700 nucleotides to substrate oligonucleotides in a 15 minute 
reaction. 

As mentioned above, the tails added can be used in a number of ways. It can 
be used as a straight-forward way of adding labeled moieties to the cleavage product 
to increase signal from each cleavage event. Such a reaction is depicted in the left 
side of Figure 66. The labeled moieties may be anything that can, when attached to a 
nucleotide, be added by the tailing enzyme, such as dye molecules, haptens such as 
digoxigenin, or other binding groups such as biotin. 

In a preferred embodiment the assay includes a means of specifically capturing 
or partitioning the tailed invader-directed cleavage products in the mixture. It can be 
seen that target nucleic acids in the mixture may be tailed during the reaction. If a 
label is added, it is desirable to partition the tailed invader-directed cleavage products 
from these other labeled molecules to avoid background in the results. This is easily 
done if only the cleavage product is capable of being captured. For example, consider 
a cleavage assay of the present invention in which the probe used has a biotin on the 
5' end and is blocked from extension on the 3' end, and in which a dye is added 
during tailing. Consider further that the products are to be captured onto a support via 
the biotin moeity, and the captured dye measured to assess the presence of the target 
nucleic acid. When the label is added by tailing, only the specifically cleaved probes 
will be labeled. The residual uncut probes can still bind in the final capture step, but 
they will not contribute to the signal. In the same reaction, nicks and cuts in the target 
nucleic acid may be tailed by the enzyme, and thus become dye labeled. In the final 
capture these labeled targets will not bind to the support and thus, though labeled, they 
will not contribute to the signal. If the final specific product is considered to consist 
of two portions, the probe-derived portion and the tail portion, can be seen from this 
discussion that it is particularly preferred that when the probe-derived portion is used 
for specific capture, whether by hybridization, biotin/streptavidin, or other method, that 
the label be associated with the tail portion. Conversely, if a label is attached to the 
probe-derived portion, then the tail portion may be made suitable for capture, as 
depicted on the right side of Figure 66. Tails may be captured in a number of ways, 
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